The power amplifier non-linearity and In-Phase/Quadrature (I/Q) imbalance of a transmitter is important RF communication impairment. This paper proves that the distortion of power amplifier output signal in the transmitter includes the non-negligible PM-AM and PM-PM distortion exists in transmitter impairment. Moreover, this paper presents a novel low-complexity dual-band Cartesian Memory Polynomial for modeling and compensating for a concurrent dual-band transmitter. The experimental results verify the high performance of the proposed model in suppressing the adjacent channel error power with low complexity.
Introduction
The co-existence of modern 3G, 4G and other communication systems increases the complexity of a base station. Multi-band systems, especially concurrent dual/ multi-band power amplifiers [1, 2] that accommodate different standards simultaneously, have been implemented successfully to accommodate dual/multi-band to reduce the cost and complexity of the base station.
In the concurrent dual-band transmitter, it shows intermodulation and crossband modulation products between the two modulation signals which further exacerbate the performance of the signals. A plurality of compensation methods based on the memory polynomial [3, 4, 5] have already been proposed to jointly compensate for the I/Q mismatch and distortion of power amplifiers (PAs). A transmitter model of parallel Hammerstein (PH) or parallel-MP (PMP) structure is used to exhibits and compensates non-linear distortion and hardware impairments in a concurrent dual-band transmitter. These existing transmitter joint model accounts for the PA dynamic behavior for the amplitude-dependent dynamic non-linearity and In-Phase/Quadrature (I/Q) impairments well. However, they fail to model the interaction effect between its modulator and the PA. The literature [6] investigated that a PA generates a non-negligible PM-AM and PM-PM effect due to a broadband linear filter before PA. In a broadband transmitter, the frequencydependent behavior from reconstruction filters and analog modulator cascaded with the PA will create the PM-PM and PM-AM distortion which is ignored by the previous transmitter model.
In this paper, a dual-band Cartesian MP model for the joint compensation of dual-band PA and modulator distortion, and cross effect therebetween is proposed. The accuracy of the model is improved due to the extra compensation for PM-PM and PM-AM distortion. The performance of the model is proved with a typical case of the 3G base station of a multi-carrier WCDMA signal. The results show that the model is high in accuracy and low in complexity.
Where xðnÞ and uðnÞ denote an input signal and an output signal of the modulator, respectively, h d ðkÞ and h c ðkÞ denote the coefficient of the channel model, and denotes the complex conjugate. The memory polynomial model is a pruned version of Volterra model and is widely used in PA modeling and DPD implementation. A concurrent dual-band MP model [8] is a direct way to describe the characteristics of the PA model, which can be given as follows:
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Where M denotes the memory length of the merged non-linear filter, K denotes the non-linearity order of the memory polynomial, r; t ¼ 1 denotes the lower band, r; t ¼ 2 denotes the upper band, x r ðtÞ and y r ðtÞ denote an input signal and an output signal of the PA, respectively, and c r;k;m denotes the coefficient of the model. The memory nonlinear PA and frequency-dependent I/Q distortion presented in this paper is shown in Fig. 1 .
Substituting Eq. (1) into Eq. (2) result in the output of the concurrent dual-band transmitter. For baseband equivalent models, only the frequency elements around each frequency band need to taken into account. The baseband MP model of a transmitter can be given as follows:
u Ã ðn À p i4 À mÞ Where d r;m;k;l ðp i1 ; p i2 ; p i3 ; p i4 Þ denotes the new coefficient of the model. Compared with the image parallel GMP structure model [5] , the output signal y 1 ðnÞ are related not only to the amplitude of the input signal but also to the historical phase information of the input signal xðnÞ. Therefore it is demonstrated that the PM-PM and PM-AM characteristics arise from the combination of the frequency-dependent characteristics of the modulator and the nonlinearity of the PA.
3 Proposed model for dual-band DPD Eq. (3) gives a complicated general model of the transmitter. To simplify its parameter extraction of model, we use the Cartesian coordinate system to represent the model of the transmitter.
x r ðtÞ ¼ ½x ri ðtÞ þ jx rq ðtÞ ð4Þ r 2 1; 2
Substituting equation (4) into equation (3), a Cartesian MP based on the real variables of IQ is produced. This equation is the Cartesian MP model with complete form.
b¼0 e r;m;k;l;a;b ðp i1 ; p i2 ; p i3 ; p i4 Þ ð5Þ
x tq ðn À p i4 À mÞ To simply the model further, the crossterms between the signal and the lagging/ leading terms are ignored. Accordingly, the proposed Cartesian model can be described in Eq. (6), which has been simplified by ignoring the less important terms.
X 2l b¼0 f r;m;k;l;a;b x 2kþ1Àa ri ðn À mÞ ð 6Þ
x aÀ2l rq ðn À mÞx 2lÀb ti ðn À mÞx b tq ðn À mÞ The model output is a function of both in-phase and quadrature components of the two input frequency bands. It is also anticipated that this model exhibits higher accuracy than the traditional parallel conjugate MP model due to modeling and compensation for PM-AM and PM-PM Characterization.
The Cartesian MP model has more coefficients than the traditional parallel-MP model. However, the proposed model is higher in accuracy, and the computational complexity is dramatically reduced due to the real value computation.
Models performance assessment
The proposed model performance is evaluated using a dual-band transmitter measurement setup. The device is consisting of two vector signal generators (Agilent 5182), a RF power combiner and a concurrent dual-band PA. The PA is fabricated with a GaN HEMT (CGH40010 from Cree) in two carrier frequencies of 880 MHz/1.96 GHz. Two vector signal generators are used to simulate imperfect modulators with intentionally I/Q imbalance offset. The baseband signals comprise a two-carrier WCDMA signal at 880 MHz (LB) and a 3-carrier WCDMA101 (with the middle carrier off) signal at 1.96 GHz (UB), respectively. The peak-to-average power ratio of both signals is more than 10 dB. A vector signal analyzer (PSA N9030B), and MATLAB software are used to record signals and identify the model parameter.
The modulator impairment is simulated under different conditions as follows: The signal generator for the lower band is set with a gain imbalance of 1 dB, a phase imbalance of 2 degrees, an I offset of 1.5% and a Q offset of 1.5%. The signal generator for the upper band is set with a gain imbalance of 1 dB, a phase imbalance of 2 degrees, an I offset of 1.5% and a Q offset of 1.5%. In the model validation, the non-linearity order of 5 (K ¼ 3) and the memory depth of 5 (M ¼ 4) are chosen for dynamic nonlinear effects of PA and modulator impairments.
The resultant adjacent channel power ratios (ACPR) data of the experiment is showed in Fig. 2 . and Fig. 3 . with spectrum performance before and after linearization. They show that the proposed model had a better performance in suppressing the out-of-band emission with achieves ACPR of −52.1 dBc and −51.3 dBc, an improvement of around 0.9 dB over other model in the dual-band. for concurrent dual-band PA.
Conclusion
This paper presents a low-complexity Cartesian Memory Polynomial for modeling and compensating for a concurrent dual-band transmitter. The advantages of this model are as follows: (1) the proposed model may improve the linearization performance by compensating for PM/AM and PM/PM distortion of a transmitter and (2) the use of the IQ real-variable may characterize the IQ non-linearity and imbalance of the transmitter as well as the non-linearity of the amplifier and the cross-modulation thereof so that the model has a high accuracy at the same time.
The resultant data shows that the model has a good performance with lower complexity.
